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Measurement of the Cosmic Black-Body Radiation near the Coma Cluster

A. EXPERIMENT DESCRIPTION AND BACKGROUND

(1) General description mﬂﬁevant theories.
meprﬁmrydajectiveofﬂaeexperimemtistodmkﬂxeisotxopyofthe
2.7 9K cosmic black-body radiation in the vicinity of the Cama cluster
of galaxies. Sunyaev and Zeldovich (1969) predicted that a hot gas in
the Coma cluster would scatter the relatively cool black-body photons into
a higher frequency region, resulting in a decrease in the intensity of
the radiation at the lower frequencies. They predicted a decrease of the
order of 3 x10°° °K, assuming an interstellar gas at T = 3 x10° %K and an
electron density of n_ = 10~3 cm 3. Recently, in a paper that has appeared
only in Russian, Parijskij (1972) claimed to see such a decrease: his
measurements indicated that the radiation in the vicinity of the Cama cluster
(at a wavelength of 4 cm.) wascpolerthaninthesurranﬂingregionby
approximately 10~ °k. In a more recent observation (Parijskij, 1973) he
reported no such effect, at a level of approximately 1074 %K. Recent
theories khmk have attempted to account for the strong x-ray source

observed in the cluster by the UHURU satellite by invoking the existence

hot ) Griaconni .fi‘f'a-‘l) a7 l)aué
of mutrahgas in the cluster. (See, for example,\Morgon, 1973) . Kxkk

Parijskij's two experiments leave many questions unanswered, partially
because his g:&:ﬁe are very brief (he doesn't discuss ppssible sources
of error) and partially because he doesn't discuss the contradictary results
that he has reported. In this experiment we plan to do an experiment
camparible in sensitivity to Parijskij's more sensitive experiment (1973),
but to scan a scmewhat different region of the €ama cluster, and to operate
at a sharter wavelength (2 cm vs. 2.8 cm). We choose a scan away fram ¢
a nearby radio source (5C4.85) that may have been a source of systematic 2 )
error for Parijkskij. In addition, the shorter wavelenghh should make us

less sensitive to such background.
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Our basie nrocedure is to allow tﬁgxgpma cluster to
advenced antenna*v 'The antenna is moved,

sweep past thef 64 meter/futdstonexantenna, . apErafinExaLx

and the sweep repeated. The dataéigjrecorded, and subsequently
signal-averaged in order to detect a deviation from the average
in the direction of the &mma cluster.

As a secondary objective, we vlan to measure the intensity
of the radio source 5C4.81 (not to be confused with 5C4.85,
mentioned on the previous page) at the wavelength of 2 cm.

This source has several peculiar features which make a measurement
of its spectrum interesting. M. Willson (1970) observed that
its spectrum obeyed a considerably steeper power 1aw?:iéi)
that of mesk many radio sources.fnxxxixﬁix- The source is
associated with the elliptical galaxy NGC 4869; however the
source is not centered on this galaxy, but rather has a long
tail extending several minutes of arc from it. It is possible
that this galaxy is being affected by the nearby supergiant
galaxy NGC 4874. We hope to get an accurate measurement of
the radio intensity of 5C4.81 at 2 cm.

(2) Theoretical models: these have been discussed in section (1).

(3) Qualifdcations of the exnerimenters: vita are attached.




A
——T‘ y 2
{{4/{:-._{-. T P- A
s A 5
ok 5 A ad
N\ Ay A ":-.T"‘.:j

-

(4),(5) Experimental method and analysis. T

,
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We plan to use the 64-meter Advanced Antenna System, with t

the MXX feed cone at 2 cm., with the 50 MHz IF am lifier
Abter on boce sl or SCY. e
(bandwidth = 8 MHz). A» antenna will be set‘ét the de&11nation
of 5C4.81, which is 28 %10'50", and at a R.A. of 12h56m30s. -
for 1.5 min.

The antenna will be held in a constant position/while the
motion of the earth_csuses the telescove to scan 1.5min. of R.A.
(Drft Scan +¢chm°jv¢) '

During this sweep, the & telescope will scan aporoximately

F@ 8 20 seconds of "blank sky", followed by apnroximately

6 seconds to cross 5C4.81, followed by perhaps another 10 s«

of blank sky as the region of the Coma cluster X-ray source

At this declination, according
approaches. Zhisxsgamxisxsumzarized to the best

available estimate (Lea et. al., 1973) the Coma x-ray source
is apnroximately QOAQA across. The sweep would end with
a final 34 seconds of "blank sky". 2k The salient features of
the sweep 2re summarized on the map on nage 4. !
This technique of scan was chosen to avoid angle—dependentx'
noise and slewing noise. At the end of a 1.5 minute sweep,
the antenna would be re-set to the R.A. of 12h56m30s, and a
new x sweep begun. ZEach sweep affords aporoximately 6 seconds
of observation of 5C4.81 and aporoximately 20 seconds of
observation of the region of the Coma cluster which emits
x-rays; the remaining 64 seconds of sweep will serve oprimarily
as a caliBration, although we will certainly look for structure
in case it exists.
Our nrimary objective is to measure the black-body
temnerature of the Coma x-ray source, as comnared to the

2x

nearby blank sky. In order to achieve a sensitivity of/ 10~ =4 og
half as sensitive as exnnrirent)J

(1 standard deviation levelj; et Pari jEkij's Swrmdddaxihyx/ |
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we require an jintesration time given by
T 32 1
.- (e d"l‘3 B

where T is the antenna noise temperature, dT is the required

and B is the bandwidth.

Setting T = 29%K, e = 0.4, dT = 2 x10™" °K, and 3 =8 =10°,

sensitivity, e is the antenna efficiency,

we find t = 16,500 seconds. If each 1.5 minute sweep passes

over the Coma x-ray region for 20 seconds, we require a total

of 825 sweeps, taking a total of about 20 hours.
intensity
For our seconiary objective, we will measure the Ximx

of 5C4.81. To estimate the time reguired to do this, we can

nts of Willson (1970) using the
— gy

extrapolate the me

'”épééfr index/of n = #1.22 deduced from his flux measurements
&10%3

of lGGO/w/mQHz at 408 VMHz and of 367 x10729 w/m’Hz at 1407 VHz.
From this extrapolation, we estimate the intensity at 15 G Hz
to be 2 x10-28 w/m’Hz. TFor the 64 meter dish, this translates

to an antenna temverature of Ta =e SA/k where'A is the antenna

3217 m?,

1

area and k is Boltzmann's constant. Substituting A

Kk = 1.78 x10723, § = 2 x10728, and e = 0.4 yields T,= 18 x10~° °K

In the 6 seconds of integration time we take to cross the
source, our sensitivity (1 s.d.) would be 4 x10~2 °%, Thus
we should see the source on each sweep, if the extrapolation
is correct. If e Souvce 1S Considembl weaker | Yhe

(OOrg gqykf- oJaulJ VEchrz e ¢ o a S{ghnl £1UCf376r;
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6. Characteristics of the\’ DSN facility unique for this experiment.

The 64-Meter Advanced Antenna System has several features which are
esseatial for this experiment. The large aperature size, and low noise
temperature are esséntial, as was shown in the previous section. The
resolution of the antenna (1.3') is closely matched to our requirements,
since the source 5C4.81 is sppxmxcomkeky just under 1' in angular size.
In additis ijg:-o‘fjél.cl ;ﬁw{mbursz A pOlfltlng accuracy of the
telescope (a-09%===3=22Y to its full advantage.

B. EXPERIMENT IMPLEMENTATION

BXLIST OF EXPERIMENTERS, names,msixmssmsx addresses, and phone numbers.

We will supply camputer tape, and (if one is not available) a signal

averager for real-time cbservations of 5C4.81. No modifications of

existing DSN equipment,zmam and no special staffing are anticipated.
two consecutive days

We will be able to make our observations on any sake following

August 4, 1973. (R. Muller has a committment until Aug. 4 that makes

it impossible to do the experiment before then.) In August, the Cama

R E A A PO I E o A e F

Cluster will be @&r about 4 hours to the left of

-4l 3 3 ‘_._,_",_ Wz
the sun; the best observations times would be x ¥ pm to 5 pm PST. __-,a:;i:w,:& &
[ e
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EXPERIMENT DATA ANALYSIS AND REPORTING

_The data will be analyzed @K the CDC 7600 computer facility at the
Lawrence Berkeley Laboratory, Berkeley California. The analysis consists
primarily of a signal average @f each of the consectitive 1.5 minute

runsy.wikl The results will be published in the Astrophysical Journal.
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